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ABSTRACT ' ' . ^ j. 

This document, ptesents an overview of knowledge 

gained from' the scientific explorations cpf the moon between 1969 and 

1972 in thfe Apollo Program. Answers are given to questions regaxSing 
.""life on the moon, surface composition ofjrocks on, the mooh, the 
■^'nature of^the moon's interior, characteristics of lunar -'.'soil , " the 

age, history and origin of the moon. Also discussed are answers to 

questions derived from lunar research about the Earth'^ creation and 
■ early history, the chemical composition of, jnatter ejected by the. Sun 
*and tt4' Sun»s past history,. and the early history of other planets. 

section on unarnswered questions about the moon includes topics sach 
''as^hemical composition of the whole moon, reasons for its uneven 

shape, composition of -the core, age of its youngest rocks. Ssyeral 
' bdoks'for further reading are listed, and a source for educational 

materials from the Lunar Science Institute is given. (CS) ' . 
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NASA Extraterrestrial Materials/'- 

Research Program 



- Open for Inspection. Apaiio 10 
: astronauts took this photo soon aftqr 
leaving their lunar orbit. Terminator 
line at left runs at'^about 5 degrees" 
west longitude. Sea of Tranquility is 
large dark area near center of photo. 
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BEVAhrjr FRENCH has studied 
lunar^arriple's and terrestrial meteorite 
craters for more than 10 years. The^ 
geologist manages NASA's programs 
for research on lunar samples, 
meteorites.^and ot^er extraterrestrial 
material while continuing work on 
ancient meteorite craters. In 1973, Dr. 
French helped discover a Brazilian 
impact crater 2Smiles in diameter and 
150 million year? old. 
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In 1969 over hall a billion people 
witnessed 'the "impossible" qoming 
true as the first men walked, on the 
■surface of the Moon, for the next 
three years, people of many nationali- 
ties watched as one of the great 
explorations of human history was - 
displayed on their telfevision screens.. 
• Between 1969 and 1972, sup- 
ported by thousands of scientists and 
engineers back on Earth. 12 astro- 
nauts explored the surface of the 
Moon: Protected against the airless- 
ness and the killing heat of the lunar 
environment, they stayed on the 
Moon fcJr days and some of them 
travelled for miles across its surface 
in Lunar Rovers. They made scientific 
observatidns and set up instruments 



to probe the interior of the Moon 
Jhey coltected hundreds of pounds 
of lunar rock and soil, thus beginning 
the first attempt to decipher the origin 
' and geological history of another 
world from actual samples of its 
crust. (Figure 1). 

The initial excitement of hew suc- 
cess and discovery has passed, The 
TV sets no longer show astronauts 
' n;ioving across the sunlit lunar land- 
. scape. But here on Earth, 'scientists 
are only now beginning to under- 
stand the immense treasure of new 



knowledge rel^rned by the Apollo 
astronauts. » 

The Apollo Program has left us with 
a large and priceless legacy of lunar 
materials and data. We now ha^e 
Moon rocks Collected from eight dif- 
ferent places on the Moon (Figure 2), • 
The six Apollo landings returned a col- 
j^tion weighing 382 kilograms (843 
l^nds) and consisting of more than 
2,000 separate samples. Two auto- 
mated Soviet 'Spacecraft named 



Figure t. ThB ftemr Explow. Framed by the mountains 
Ground the Moon's Uttro^ Valley, yApo//o 1*7 geologtsl 
astfonaut H$mson H. Schmitt sweeps with a special rake to 
collect lunar samples. A$ it passes through the lunar soil, the 
rake sieves and collects rock chips 1 to 2 cm Ch to one inch) m 
size. The chips were returned to Earth for analysis. 

- f ' ^ 

, flgur$ 2) The S$mpling of the Moon, Arrom indicate the locations from 
which Junar samples have been returned to the Earth for scientific, study. 
The "A" symbols mark the landing site} of the Apollo 1 1 through Apol^p17 
missions. (The Apolh 13 mission did not land, Enroute to the Moon, a/v 
oxygen tank exploded: the crew returned safely to Earth,) The "L" symbols . 
indicate the sites near the eastern edge of the Moon from which Russia's 

' automated landers, Luna-16 and Luna'20, returned small samples of lunar soil. 




Lun!^-16ancl Luna-20 returned small 
bul imporiant samples, totalling about 
130 grams (five ounces), 

Instruments placed on the Mpon by 
-the Apollo astronauts as lorig ago as 
1969 are still detecting moonquakes 
and meteqrite impacts, measuring , 
the Moon's motions, and recording 
thf heat flowing out from the inside o,f 
the Moon. The Apollo Prograrp al§o j 
carried out a major effort of photo- 
graphing and analyzing the surface 
of the Moon. Cameras on the Apollo 
spacecraft obtained so many accu- 
rate photographs that we now have 
better maps of parts of the Moon ' 
than we do for some areas on Earth. 
SpeciaL detectors near the cameras 
measured the \Meak X-rays and radio- 
activity given off by the lunar surface. 
Htom these measurements, we h^ve 
been able to determine the cher^ica^ 
composition of about one:quarter of 
the-Moon's surface, an^ea the size 
of me United States and Mexico ■ 
connbined. By comparing the flight 
data with analyses of returned Moon^ 
ttJCH. we can draw conclusicris' 
atjputOthe chemical composition and 
niSffurjB of the entire Moon. I 
» , I hus/ in less than a decade, sci- 
ence and the ^g^llo Program have 
changed our Moon from aa unknown 
ai^d unreachable object into a familiar 
world. 



What has the apollo 

PROGRAM TOLD us 
r ABOUT THE MQON? - 



What have we gained from all this, 
exploration'?' Before the landing ol 
Apollo 11 on July 2Q. 1969, the 
' nature and origin of the Moon' wore 
still mysteries. Now, as a result of the 
Apollo Program, we can at^swer j 
cjuestions tha^remained unsolved 
during centuries of speculation gnd^ ^ 
.scientific study; ^ 

(1) l8 there life on the Moon? 

I 

Despite careful searching, neither/liv- 
ing organisms nor fgssil life hav^e ) 

I been found in any lun^r saniples. 

I The lunar rqcks were so barren o< life 
that the quarantine period for re- 
turned astronauts was dropped after 
the third Apollo landing. 

I The Moon has no water of any 
kind, either free or cherfiicall)lMr6m- 

. bined in the rocks. Water is a 'sub\ 
stance that ig hecess^y-for life, and 
it IS therefore unlikely that life could 
ever have originated on.the Moon. 
Furthermore, lunar rocks contain only 

•linf amourjife of the carbon and car- 



bon comppunds out of which life is 
buirt. and most of ^his carbon is not^ 
*n{itive to the Moon but is brought to 
the lunar surfaco in Vnetftorites and 
as atoms blasted out ofihe 3un, 

(2) What is the Moon mad^of? 

Before the first Moon rocks wero 
collected, we could analyze only two 
types 6f' bodies in our solSJ system: 
our own planet Earth and the,meteo- 

^ rites that occasionally fall to Earth 
from outer space. Now we have 
learneo^hat the Moon is-chemically 
different from both of these, but il is 

^ mosfJike the Earth, 

^ The Moon is made of^Cks. The 
Moon rocks are so much li^e Earth 
rocks in their appearance that we 
can use the same terms to describe , 
both. The rocks are all igneous, 
^hich means that they formed by jhe 
coQiing of molten lava, (No sedimen- 
tary rocks, like limestpne or shale, 
which Eire. deposited in watej, have 

V ever been found on the Mdbn.), ^ 
Tt^ dark regions (callQq "maria") ^ 

' that form the^atures of "Phe Man in/ 





the Moon" are lowf level areas cov- , 
ered with layers basalt lava (Figure 
3)? a rqck similar to the lavas that 
erupt frocnHerregtrial volcanoes m 
Hawaii. Iceland, and elsewhere The 
light-colored parts o( the fs/jpon 
(called "highlands") are*hlgher. more 
rugged regions that are older than 
(he mafia. These areas are made up 
of several different kinds of rocks that 
cooled slowly deep within the Moon 
^ (Figure 4). Again using terrestrial 
lerms, we call these rooks gabbro. 
norite. and anorthosite 
Despite these simijanties. Moon 





Figure 3. Frozen Ijvt from the Lun$r Se$$, This chunk of 
lunar \aya relumed by the Apollo 15 astronauts sttll preserves 
bubbles produced as the lava poured out onto the surface of 
the l^oon more than 3 bfllion y^s ^go The lava solidified so 
quickly that the bubbles, formecrby escaping gas, were 
trapped in the solid rock. Because the Moon rocks contain no 
water, some other "^as must have formed the bubbles. 
Possible gases are carbon dioxide, sulfur^ dioxide, or hydro- 
chloric acid. The speamen is about 14 centimeters (6 inches)' 
acrdss . " ' ^ 
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Figure 4, The ancient cruet of the Moon. A small rock 
fragment, collected by the Apollo 17 astronauts, holds the key 
to the earliest history of the tJioon. The rock, called a tfoctolite, 
is composed mainly of two minerals, yellow-brown olivine and 
gray feldspar. The a^e of this specimen is measured at 4.6 
billion years. It may have been some of the first material to 
solidify when the f^oon was formed. 
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rocks and Earih rocks biitiuMlly 
dilloront. and it is oasy lo loll ifioin 
apart by an^^ly^ing thoir chennr.lfy or 
by examining Ihoin undor a iiiicro 
scope (Figure 5) The fnost obvious 
difference is that Moon rocki^ have no 
water at all. while almost all lorf(?sinal 
rocks contaio at loasi a porconi or 
two o1 water Ihv Moof^ rocks am 
' therefore very well-preserved, bo 
cause they never worn able Jo roaci 
with water to fomi clay rnmerals^or 



rust A 3' t)illK)n y(Mf old k 
looks Iri^shor lhan water l)tNiiifiij\iva 
insi ofu(^l(Hl lf(.)in ,j l(Mf(»i;Ifial vol 

(MOO 

AnojIuM iin(H)rt.iiil ilill(M(Mi(;(» i:. flial 
Iho M(.K)fi rocks lofinod wlu^ft* lln»r^ 
was almost no IriU) oxygtM] As a 
rcsull. soino ol the iron in Innaf rocks 
was not 0Hi(ii/t?d when Iht» lunar 
lavas lornied and sttHoccurs as small 
crystals ol fneiallic iron (f'i|)i]ro 6 ) 

Because Moofi rocks have nov(>r 
t)()(?(i (?xt)OstKi to water or oxygon, 
any contact with Iho Earth s iilinos 
phoro could "rust' thorn badly For 



(lii\ fOilson,' llu^ [oluinod /yiijlh) ^„iin 
()lo', aio caf(?liilly sli)fiHl / .m almos 
()h(Mt» i)l (liy nil(()()on yrid no fiioio ol 
lht» lunai fnaloirnHhriii wn f.^Miiy in 
<'xt)osod to the lahoialory iilnios . 
()ht»fo while the sam(iN"> afr tieiiu) 
iifiiily/ed 

rtu? Moorcocks .ifo ni.ide ol Ihe 
ruiino chemical iHofiienls, that nuike 
up Earlfi rocks;allhou()h Ihe \)U)\)0\ 
lions lUo dilloroni Moon rocks con 
lam riioro ol th(> common (Henu»nls 
c^lcii/n. alurriinum, and lilanium lhan 



Figure 5. Ttm F9brlc of tfm Moon, Undei^ ^rt 
Qpttcaf microscope, the crystal structures of an 
AfkillO 12 lunar basalt are revealed by shining 
polamed light through a polished slice of rock 
only a few hundredths of a millimeter thick 
The rock contains crystals of three mmefals- 
yellow-broyifn pyroxene rcleat while feldspar, 
'and black ilmenite The mtergrowh character 
of Ihe crys^tals is typical of molten lava that 
has soffdihed quickly The largest crystals are 
about a millimeter long 



ffgu/V 6. llhtal from tft^ Moon, Faceted like 
gems, tmy^crystals of iron metal nestling mTa 
cavfty in a lunar rock are illuminated in this^ 
picture taken with a scanning electron micro^ 
scope. The crystals, only a few thousandths of 
a millimeter in size, were probably deposited 
more than 3 billion years ago by a hot vapor 
that contained^ no free oxygen and no water 
These fragile crystals have been preserved un- 
\^ changed on the dry, airless Moon for billions^of 
\ years: on Earth, they 'would be quicHly destroyed 
^ \ by exposure to air and water if they were not 
"\carefuHy storied m a dry^nitregen atmosphere 

' \ 
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dp most Earth rocks Raror ulumontu 
like hatnium unci //coniuni, which 
have high oieltmg points, am also 
more pleniitui if) lunar rocks How 
over, other elomonts tiko sodium iiiul 
pdlassium. which havo tow r'netimy 
points, are scarce m luniv malenal 
Because MoonVocks are richer in 
high-leni(Mpture oternunts and con 
t^in less IflWMemperaiure elemonis. 
Icientists botieve iHat the maienat 
ihat formed the Moon was once 
healed to much higher temperatures 
than material that formed the Earth 
The chemical conriposition ol the 
Moon also is differentHvdiffereni 
places. Soon after the Moon lormed. 
various elepienis sorted themselves 
out lo form different kinds ol rock 
Th^ light-colored highlands are rich 
in calcium and aluminum, while the 



dtirk colufud rnana conlain It^ss ol 
tlu)st) elufinMils and mou) titii^iium, 
iron, and rniignosiurn 

(3) Whit It th« Inilcto of tht Moon 
llk«7 

Sunsilive inslrumonis f)la(:tHl q\\ Kni 
k/nar surlaceil)y lh(^ A()oll() asiro 
nauls art^ slill recording Ihe liny vibr*! 
lions caused rneleonte impacljion 
Ihe surlace.X)l ll)e Moon and by Sfiuill 
"moonquakes dffep* within il These 
vibralior^S providt) thu^ila trorn 
which scientists*' delermine wha! !l)e 
inside ol tho Moorj is like 

Aboul 3,000 moonquakes are de 
lectet| each year All ot thorn are very 
weak by terrestrial standards The' 
average rnoonquake releases about 
as much energy as a luecracker, and 
iho whole Moon releases less lharr 
one-len-bilbonlh ot Ihe earthquake [ 
•energy ol tho Eartli Jhe moonquakes 
occur aboul 600 lo 800 kilometers 
(370 to 500 miles) deep mside the 
Moon, much deeper lhan almost all 
Ihe quakes on our owfi planel, Cer- 



lain^kinds ol mooiuiuakes ocxui at 
aboul Ihe sanu) liiin) every nionlh. 
sugtu^slinij Ihiil lht?y ariV iriggtJfed by 
rt'fUMled Ultil strains M llx^ Moon / 
nioytMi in ils oft)il *ir()untl the Farlli 

A ()ic!un» ol llie ifiside ol the Modli 
has slowly htMMi ppI together Irom 
t()e records ol Itnnisands ol moon- 
quakes, nuMeorile impacts, and Ihe 
delibertiitj impacts ol discarded 
Apollo rockel slagt's onto Ihe Mdon 
tie Moon is nol ui^itorm inside., but is 
divid(Hi.inlO a series ol (flyers just as 
ttie Farll) is, although the layers ol 
the Earlli iind Moon ^ire dilterent. The 
outermost part ot Ihe Moon is a «rusl 
about 60 kilometers (37 miles) tljfck^ 
probably com()osed of calcium' 
aluminum rich rocks like ttiosi 
if^ the highlands Beneath this crus! is 
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fosull ol A(u)lli) Pfoijf.iin WiV. Ihr DM Ihf MiK)n hy it"' Apollo .islfon.iolt 

'I... J,... .1 ...... ..•..ii. ( iM ti iii.il.k III .It ^ . h ivy»i i\iuw (lt«i( rtiiirh li\rtM^w lh,lt\ itv 



(lr,L:ov<'fV ol piitMUvinl ni.iijni'dMii 
nuiiiy oj olil li.iMf flK k', Olli 



piM'li»il ■ Soiiut 1)1 (ht^ inslfomt'Mls 



a thick layer ot donsof rock (ihn 
manlte) whioh uxiooiJs tlown lo n\i)\v 
than 800 kilorrHMfjrs (JiOO niilus) ^ 
(Figure f ) • 

Tho deep mlonor ol Iho Mixin is »imi n-m ..i.murMv. ..uk „ n;..., -m^ — 

Slill unknown ThQ Moon may cofH.iifi ilis.iiiptMftMt .ilhw ihroliMonjf foi Ks UH)9 .)ru) 19/1) Ihis Ioik) o()tMtitK)h 



i^uiLiii.llion IS Hull Itu* Mooo (i.iil .111 " oiKjin.illv ilnsu)niHl tor j ont? ytMt 
ifii inil ifi.ii|iu'li(. IhiIi) Ih.ll sofnohow litolifmv f>rivt» Ihmmi optjr^ilioi^ y.wrv 



a small iron core iii iin cimium, iiful 
there IS some oviclonci) ifuil iho Moon 
niay be hot apcl ^*von pa^iiy fnoiit'o 
insido 

The Moon does no! now havo i} 
'magRbnc liekl like iho (..irihs. afuhii; 
tho most ballliocj a/ul unr»A()e(:ttHl 



has pfovultul inloffTialiofi lhal >nv 
lint* riM'.on wi' \u\/r t)*»rn atilt* t^) " coiikl figl h<ivr ol)|»HfU.Mj Ifon) shoflof 



Ir.trn so fiiiirt) al)C)ijl Ihi- Moon s 
inlrnor is lhal thi» in*;lru)nijnl:i ()la(:o(l 



rocohls 

Iho lorn) lil(ilifiu» ol ttu? h(?Hl How 



ManMBasiilt Laval 



Deop Moon Qurtkes 



-Earth 



FIgurB 7. A Sii^ Through the Moon, Jf}r . 
interior iif fN* M{)()ru:cin fh)^ tit* dmk^l a > 
layers as so,»fif/,sfs fntf'rprptifM sf////»vrj(;* 
return^ from ifWrutwnfs on kirw >4iffri( e 
The Moot) has i^finuUTcnN <ininfifH rfuinlit* 
andarj irinermos! zone \^hfch nwy sf/// lie 
partly nx)lten ^hmthi'^(nmmo:jtyof^' MxhJ 
2200kifom^ersl t400fnk}<.}inMnieUfr tf^t}fr- 
may exj^ a smailer metiiitc core ( dasti^l 
furvle] Most inoonou^ikf^^^ 'J^i^-^ s7;(;d^ps ' 
occur deep v^thifi the ^)on 

The lunar siJ^if)B an^ru^t cW not untfarn / 
The Earth faorx] re/af/v/f Vy mx )/^) .if^l 
sho^ large accumMions nf /,jy,7 ; bi ' 
The far stde is muchrrmmicj^ii l tm :i 
thicker aust^ncialniostni)iiivd i JhedtfhVdm 
\s rrot to scale and the ruggedness of 
Moon s far ^ has been ej(aqgera!e(i 

Adapted from data proytded by A M Unniv 
N R Gaps andM N Tokso/ ] 




Shallow Moon Quakes 
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f experiments set up by th^ Apollo 1 5 
, and o17 rnissions has niade it possi- 
ble to determine more accurately the 
amount of heat 'cqming out' of the 
• ; Moor^; This hpat' flow is a basic . . . 
indicator of thejemperature'and . ; 
composition of the inside.^oflhe . - 
Moon. The new value, about two- 
thirds, of, the value calculgted from . 
. earlier -data, is equal to about orie- 
. third the amount. of heat now corfiing 
put of the iqside.bf the Earth. As a 
V : result, we can now prodbce better 
models of what the insid^^ of ^he 
\Moon is like. . • - ' \ 
As they probed Jhe lunar interior, 
^ the Apoilo instruments have provided 
information about the space environ- 
ment near the Moori. For e)^mpre, 
^ . the sensitive devices used to detect 
* moonqliakes have aisp recorded the 



vibrations caused by the impacts of 

■ - small meteorites .onto the 'lunar sur-^ 
;face.^We now have long-terjn records 
of f]ow Often meteorites strike the 
Moon, and we have learned that ' 
these impacts do not always occur at ■ 
random. Some smairmeteorites seem 
to travel in groups. Several such - 
swarms, composed of meteorites . 

■ weighing a few pounds each, struck. 
, the Moori'in i9J5. The detection of 

such events is giving scientists new 

jdd^? about the distribuSon of-meteo- , 
rites and cosmic dust in the solar 

' system. 

The long lifet1n1e.of the Apollo 

. instruments has also made several 
cooperative projects possible. For ex- 

; ample, our instruments were still 
making magnetic measurerrients at 
several Apollo landing sites when. 
' elsewhere oruthe m'oon, the Russians 
landed similar instruments attached 
to their two automated Junar roving , 
vehicles (Lunokhods). By making siV' - 
multaneous measurements and ex- 



' changing data. Arrierican a\d Bus- ' 
sian scientists have not only provided 
a small example of international co- 
operation .in space, but they have 
jointly' obtained a/better picture of the 
magnetic proper/ies of the Moon and 
the space around it. 

(4) What is the /Moon's surface like? 

Long before^th^ Apollo Program sci- 
entists could see that the- Moon's 
surface was complex.' Earth-based 
telescopes«.could distinguish th6 level 
maria and the/ rugged highlands. 
could reeognjze countless circular 
craters, rugged mountain ranges, 
and deep wipding canyons or rillesr 

Because of the Apollo explorations, 
we have nowlearned that all these ^ 
lunar landscapes'are covered by a 
layer of fine broken-up powder and 
rubble aboUt 1 to 20 meters (3 to 60 
feet) deep. This layer is usually called 



It 



F/guro 8. The Smallest of Craters. We bombafdment of the lunar surface 
by cosmic particles of all sizes is graphically illustrated by Figures 8 and 9. 
Figure 8 (i^t) shorn a cratered spherule of lunar glass less than a 
niillirrieter (1125 inch) in diameter. The spherule, collected from the lunar 
soiL was once struck and shattered by an even smaller particle of cosmic 
dust that blasted'a crater in the glass surface, 
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12 the "funar soil." although it contains 
no water, or organic.material, and it'is 
^ v^TOtally different from soils formed on 
Ear^i by the action of wind, waler. 
find life. . <r ; H 
• The lunar'sojl is something entirely 
^ new to scientists, for it could only 
have tfeen formed on. the surface of 
an airless body like the lyipon. the 
soil has.beert built up over .billibns pf 
years by the continuous bbmbard- 
nrienl of the unprotected ^Mooit bV' 

• large and small meteorites, most of 

' which would have burned up if they 
^ad entered the Earth s atmosphere. 

These meteorites form craters 
-when they hit the Moon^.Tiny parti- 
cles of cosmic dust produce micro* 
. scopic craters perhaps 1/1000 of a 

millimeter (1/25,000 inch) across. 
^ while the rare impact of a large bc3dy 

* may blasts opt a crater many kilome- 



/ ' 




ters, or miles, in diameter (Figures 8 
' and 9)[, Each of these impacts set- 
ters the solid rock, scatters mate/ial 
around the crater., and stirs andi 
mi)cQS the soil. As a result, the iJnar 
soil is. a well-mixe(3 sample of a/large 
area of the Moon, and s+ngle sam- 
ples of lunar soil have yielded [ock 
ffagments whose source was 
hundreda^of kilohieters from tfje col- 
lection site. ■ ' ^ 

However, the lunar soil is.nJiore 
than ground-up and rewori^e^iunar 
rock. It 'is the boundary layeiibe- > • 
tween the Moon and outfer space, 
and it ab'Sorbs Ihe matter aiid energy 
that strikelthe Moon froni the Sun and 
the rest ofttae urriverse. T\rh bits of 
cosmic,dust and high-eneijgy^atomic 
particles that would be stopped high 
in the Earths protective atfnosphere 
rain continually onto the sjjr.face of 
the Moon. 

(5) How old, is the Moot 

Scienfists.riow think t|iat/the solar 
system fir^t came into being as a 



*huge, whirling, disk-shaped cloucfi of 
gas and dust. Gradually the do 
collapsed inward. The central palrt 

» became massive and hot, forming 
the Sun. Around' the Sun, the diist' 
formed small objects tfiat rapidfv col 
lected together to form the lar 
planets and satellites that we ^ee 
today 

By carefully measuring the ^adioac-- 
^tive elements found in rocks, scien- 
lists can^determine how old tne reckS 
are. Measuremenjs on meteorites in- 
dicate that the forniation of tfie solar- 
system occurred 4.6 billion years 
ago. There is chemical evidence in , 
both lugar ar>d terrestrial rocks that .j 



jure 9. The Largest of Craters. This is the mammoth ringed bulf^s-eye of 
Mfrq Onentale as first seen byJhe U,S. Luna/>Orbiter 4 in early 1968, Ttie 
fucture, about 750 kilometers ia diameter, recor(}s the catastrophic effect 
f an asteroid some 25 kilometers (15 miles} in dlameterlhat impacted 
bout 4 billion years ago. 
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^ 14 the Earth and Moon also formed at 
. .■ that time/ However,. the oldest known" 

, rocks on Earth are only 3.8 billion ' 
' • years old, and scientists'think that the 
: * older, rocks haye been destroyed by 
the Earth's continuing volcanism, 
mountain-building, and erosion, v 

The Moon rocks fill in^some of this 
gap in time between th^Earth's old- 
est preserved rogks and the forma- 
tion of thasolap system. The lavas 
. from the dark maria are the Moon's . . 
youngest rodks, but they are as old 
is the oldest rocks found on Earth, 
with ages of 3.1 to 3.8 billion years. 
, Rocks from tf\e iCfnar, highlands are 
\ \. '■ even older. Most highland samples • 
have ages of 4.0 to 4.3 billion years, 



V 



Some Moon rock's ^ preserve traces of 
even older .lunar events. Studies of, 
^'these i?ocks indicate that widespread 
^ Inelting and ohemical separation . 
. i were goingf on within the Mobn aj^ut , 
, 4.4 billioryears ago, or not long after 
the Moon had fclmed. • 

On? of the techniques, used to 
establish this early part -of lunar his- 
tory is a new age-dating method . 
(involving the elements heodymium 
and samaFium) that was not even 
possible when the first Apollo sam- 
,ples w^re returned [n 1969. The 
combination of new instruments and 
careful protection of the lunar sam- 
ples from contamifiation thus make.it' 
possible to understand better the* 
early history of the Moon. 

Even rhore exciting is the discovery 
that a. few lunar rocks seem to record 
the actual formation of fhe Moon.- 
Some tiny green, rock fragments col- 
lected by the Aptillo 17 astronauts 



have' yieldecT an apparent age of 4.6 
billion years; the time at which scien- 
tists think that jhe Moon and the eolar 
, §ystem formed. £arly in 1976, scien^ 
^tisis identified another Apollo 17 crys- 
talline rock with the same ^ncierit 
age' These pieces may be some of 
, the first materjal that solidified frdm 
the once-molten Mpon. " * 

(6) What is the history of the Moon? 

The first few hundred million years of' 
the Mpon's lifetime were so violent . 
- that few traces of this time remain. . 
Almost immediately gfter the Moon ■ 
formed, its outer part was completely 
melted to a depth of several hundred 
, kilometers. While this molten layer 
gradually cooled and solidified into 
different kinds of, rocks, the Moon 
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was bombarded by.tiuge asteroids ' 
anq(|smaller bodies. 'Some of these, ^ 
asteroids were the size of small 
stales, like Rhode Island or Delaware, 
and their collisions with the Mooq , 
created huge basins hundreds of 
^kilometers across. 

This catastrophic bombardment 
die'd away about 4 billion years ago. 
leaving the lunar highlands covered 
with huge overlapping craters and a 
deep layer of shattered 3nd broken 
rock (Figure 10). As the bombard- 
ment^ subsided, heat pjoduced by 
the decay of radioactive elements 
began to melt the inside of thelVloon 
at depths of about 200 kilometers 
(125 miles) below iti surface. Then, 
for the next half billion^e.ajs, fjom 
about 3.8 to 3.1 billion years ago, 



great floods of lava rose from inside • 
the Moon and pourfed out over its sur- 
face, fining in the large impact basins 
to form the dark par'ls of the Moon that . 
we^see today. * . ^ 

' As far as we nowl^nqw. the Moon . 
has been quiet since the lastja^as 
erupted more than 3;'bi1lior!' years 
ago. Since then, the lyioon's surface 
has been altered, only by rare large • 
meteorite innpacts ani:! by atomio^Dar- 
ticles from the Sun and the stars. The 



.MdjDn has preserved features formed 
almost '4 billion years ago. and if men 
had landed oh the Moon a billion • 
years ago, it would have looked very 
much' as it does now. The surface of 
the Moon now'changes so slowly that 
the footprints left by the Apollo astro- 
nauts will remain clear and sharp for . 
millions of years. 

This preserved ancient history of 
the Moon is in sharp contrast tQ the 
changing Earth. The Earth still be- 



f/gare tO. f/w Rubble of Ages/Thts haggle white, feidspar-n^ch 
junar rock, coflected by the Apollo 76 astronauts, rs a sampiev^ the 
^materia), that covers the light-colored highland regions of the Moon 
■ This unasuaf specimen, called a breccia, is composed of numerous 
pieces of many kinds of rock with different sizes, shapes, colors, 
and compositions The mixture of broken and crushed rocks m this 
specimer^ records the continuous bombardment of the Moon by 
j large cosmic t^odies more than 4 biKion years ago, an event that left 
j the Moori's surface covered with a thick layer of shattered rubble 
■ The specimen is about W centimeters (4 mches) across 
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WHATiHAS THE 
MOON TOLD US 
ABOUT THE EARTH? 



haves like a|,.young. planet. Its internal \ 
heat is active, and volcanic eruptions 
ind mountain-building have gone on 
continuously as^ar back ag we can ^ 
•decipher the rocks. According to new 
geological tfieories, even the present , 
ocean basins are less thah about 200 
million years old. having formed by 
■ the slow separation .of' huge nhoving 
plates that make up the Earth's crust. 

(7) Where drd the Moon cpgoe from? 

Before we explored th§ Moon; there 
V w6re three main suggestions to ex- 
plain its existence: that it had formed' 
near the Earth as a separate body; 
that it had separated from the 'Earth; 



and that it had formed son^ewhere 
else and been captured by the Earth. . 

'Scientists still cannot decide be- * 
tween these three theories. However, 
we have learned that the Moon 
iformed as a paft of our solar system 
and that it has^xjpted as an individ- • 
ual body for 4.6 billion years. Separa- 
tion from the Earth is now cqnsider^d 
less likely because there are many' / 
basic differences in. chemical compo- 
sition between the two'bpclies, such 
as the absence of water on the 
Moon. But the other two theories are 
still evenly matched in their strengths 
and weaknesses.. We will need more 
data and perhaps some new theories 
before the origia of the Moon is 
settled. 



It might seem that the active, inhab- 
ited Earth has nothing in common 
with the quiet, lifeless Moon, Never- 
theless, the scientific discoveries of 
the Apollo. ProgVam have provided 
new. and unexpected, bok into the r 
eaply history of our own planet. Scien- 
tists think that all the planets formed 
in the same way, t?y the rapid accu- ^' 
nriulation of small bodies into larger 
ones abi^iit 4.6 billion years aga The^ 
Moon's rocks contain the traces of 
this process of planetary creation. . 
The same catastrophic impacts and 
widespread melting that we r|cog- 
nize on the Moon must also have 
dominated the Earth during its early^ 



Figure 11, An Ancient Impact Scar on the Earth. 

p . Wewec/ fromafi^tli^e of 500 mUes, the circular 



Manicouagan s'mcflifa in Quebeq^ Canada, Stands 
out clearly in this picture taken frorff NASA's Land- ' 
sat-1 satellite. Geological studies have shown that 
• this structure, forr(]^d^^q\^t200 million years ago 6j 
the impact of a large astiroid, was once a crater 
about 80 kilometers (50 miles) in diameter, about f/?€ 
size of many Jarge lunar craters. Although deeply ■ 
eroded s/nce /f formed, the central region (sue- 
rounded by the black-appearing waters of a^ieser- 
voir) still preserves rocks that were shattered and ■ 
melted by the catastrophic force of. the impact. 



WHAT HAS THE 
MOON TOLD US 
ABOUT THE SUN? 




■ years, arrd about 4 billion years'ago 
the Earth may have looked much the 
same as' the Moon does now 

The two worlds then took different 
paths. The Moon bepame quiet while, 
the Earth doRtinued to generate 
4K)untains, volcanoes, oceans, an at- 
.mbsphere, and life. The Moon pre- 
served its ancient rpckg, while the 
' Earth*« older rocks Were continually 
destroyed andj(Fecreated as j^etinger 
ones. ^ 

' . 'The Earth's oldest preserved rpck&, 
3.3 to. 3.8 billion years old, occur as 
small remnant's irl Greefhiand, Minne- 
sota, and Africa. These rocks are not 
•* like the lunar lava flows of^he same 
age. The Earth s mpst ancient rocks 
are granites and Sediments, and they 
, tell us that the Earth ajready had 
mountain-building, running watei", 
oceans, and life at a time when^H^ 
last lava flows were pouring out 
across the Moon. 

In the same way, all traces of any - 
intense ^arly bombardment of the- 
Earth ^ave been destroyed. The 



recmk)f later impacts remains, how- 
ever, in nearly IjDO ancient impact 
> structures that have been recognized 
on the Earth jn 'recent years. Some^of 
these sKuctures are the deeply 
eroded remnants of crater^lg large 
-as those of the Moon (Figure n) and 
they/give us a way to study on^arth 
the'process that once dominatec^ ' , 
otfi the Earth and Moon. 
Lunar science-^ also makirlg other, 
contributions to th» study of the ^ 
^Earth. The new techniques devel- * 
oped to analyze lunar' sarriplesiare 
nowpeing applied to terrestrial rocks. 
Cpemical analyses can now be made 
6n samples weighing only 0.001 
gram (3/100.000 ounce) and the 
ages of terrestri.al rocks can ngw be 
measured far (tiore accurately than 
before Apollo. These new techniqt^s, 
are already helping us to better un- 
cferstand the origin of terrestrial voU 
canic rocks! to identify new occur- 
rences of the Earth^s oldest rocks, 
and to probe further into the origin pf 
terrestrial life more than 3 billion 
years ago. 



One of the most exciting results of 
the Apollo Program Is that, by. going 
to the Moon, we fiave also been able 
to collect samples of tFie Sun. 
\ The surface of the Moon is cqptin- 
ually exposed to ttie solar wind, a , ^ 
stream of atoms boiled into space ^ 
from thefeun's atmosphere. Since the 
Moon formed, the lunar soil has trap- 
ped billions of tons- of tfjese atoms 
ejected from the Sun. The soil also 
contains traces of cosmic rays pro- 
• duced outside our own solar system. . 
These high-energy atoms, probably 
produced inside distant stars, leave 
permanent tracks when they strike 
particles in the lunar soil (figure 12)., 

By ahalyzing the soW samples re- 
turned from the Moon, we have been, 
able to determine the chemical com- 
position of the matter ejected by the 
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Sun and thus learn mof6 jibout how / .f 
the Sun operates. ^ major surprise 
was the discovery that the material in. - 
the^ solar wind is not the s,ame as that 
in the Siin itself. T+ie ratio of hydro- 
gen to helium atoms in the solar wind 

^ that reaches the Moon is about 20 to 
t But /the ratio of these atorns in the " 
Sun, as measured with Earth-based 

^instruments, is only 10 to 1. Some 
unexplained process m the Sun's . - 
outer atmosphere apparently oper- 

. ates to eject the lighter hydrogen 
atoms in preference*to the ti^eavier 
helium atoms. ^ . ^ ' 
Even^mere important is the fafct 
that the lunar soil still preserves^ma- 
' terial ejected by the Sun in the past. . 



Figure 72. r/w Traclrs of tfte %\^r%. ^oa 

tracks made over miHipns of years by fast- 
moving charged atomic particles ttiatyvere 
sM out of the sJn and other stars to 
eventually strike the surface of the Moon . 
crisscross a tiny crystal collected fromjhe 
lunar soil. The picture shov\/s an area about a 
tenth of a millimeter across. The tracks, made 
visible by etching the crystal, are only a few 
hundredths of a fniflimeter long* Such grains, 
which may have trapped atomic particles for 
rniltions of years, preserve among- other things, 
a unique record of the past activity of our Sun. 

(Photograph courtesy of Dr. R. L Fleischer. 

from Science; v. 167. p. 569. 30 January 1970 
Vcj The American Association for the 
^Adva^ement of, Science. Useh by permissionj) 
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WHAT ELSE 
CAN THE MOON 
t TELL US? 



20 . We now have a unique opportunity to 
stucJV the past behavior of.thje Sun. 
Our very existence depends on the 
Sun's activity, and by understanding 
the Sun's past history, w^can hope 
jo predict better its future behavior. 

These^udies of the- lunar soil are 
only beginning, but what we have 
. learned about the Sun .s6 far is 
■ ' reassuring. Such chemical features 
as the ratio of hydrogen to helium 
* and the amount of iron fn solat^ , 
material show no change for/at le^st 
the past few PiundfecJ^thousand 
yp^r The lunar Samples are telling 
^us that the- Sun, in the recent p&st, 
i ^has behaved very much as it does 
today, making us optimistic that the 
Sun vyiil remain the same for the 
' foreseeable future. ' ' 

0 As far as the ancient history of the 
Sun is concerned, the most exciting 
> * lunar samples have not yet been fully 
• ^examined. During the Apojio 15, 16, 



and 17 missions, three long cores of 
lunar, soil were obtained by.drilling 
hollow tubes into the soil layer. These 
' core tubes penetrated as much as 
three meters (10 feet) deep. The- 
layers of'spil in these cores contain a 
well*preserved history of the Moon 
and;t|)e Sun that may extend as far 
back ^s one and a half billion years, 
No single terrestrial'sample contains 
such a long record, and no one 
knows how much can be learned 
when a}\ the cores are caVefully 
opened and studied. Certainly we will 
learn more about the ancient history 
of the Su'l^and Moon. We may even 
find traces of ^Jne movement of tJie 
Sun and the solar system through 
different cegions of our Milky Way 
Galaxy. • ^ 



Although the Apollo Program officiall 
ended in 1972. the active study of 
the Moon goes on. More than 125 
teams of scientists^ are studying the 
returned lunar samples ancT analyzing 
the information that continues to 
come from the instruments on the * 
. Moon. Less, than 10 perfientof the 
lunar sample material has yet been 

f studied in detail, and more results will 
emerge as new rocks and soil sam-. 
pies are examined. 

The, scientific results^f the Apollo 
Program have spread -far beyond the. 
Moon itself. By studying the Moon. . 

y we have learned how to go about the 
business of e^plorin^'other planets, 

* The Apollo Program proved that we 
could apply to anothfer world tfie 
methods' that we have used to learn 
about the Earth. Now 'the knowledge 
gained from the Moon is being used 
with the photographs returned by *. 

iMaripers 9 and 10 to understand the 
hi^ries of Mercury and Mars and to 
interpret the data returned by the 
Viking mission to Mars. 
The Moon has thus become an 
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important ikey to ^Iving^ several fun- 
damental Jnuestions about the other 
p(anets: ?, \ 

V ■ « i- \ 

j (1) What if theWarty history of 

««tti0r planirts? \ 

The first ha^f-billion years of the 
Moon's lifetime wer^e dominated by 
intense and widespread melting; by 
catastrophio meteorrt^e impacts, and 
by great d^uptions of^lava. Now 
close-up piciures of the planefs Mer- 
cury, and Mars shdw h6avily-cra[ered 
regions and defifnite vdlC3hic struc- 
tures, indicating that these planets ' ' 
•* also have been affected by the same 
prodefsses that shaped the Moon 
when it was yoyng. Such episodes of 
early bombardment and volcanic ' 
eruptron seem to* be part of the life 
'St6ry of planets. Our own Earth must 
. have had a similar history, even 
though the traces of these primordial 
events have been removed by later 
changes. 

(2) How do planets develop mag'* 
netic fields? 

We have kr\own for centuries that the 
|arth has a strong magnetic field 
"However, we still do not know exactly 
how the Earth's field formed, why its 



strength vaiies, or why it reverses 
itself every few hundred thousand 
years or so.! r , 

One way !to> learn about jhe Earfh's' 
magnetic fi^ld is to study the rn^- 
netic field ofi other planets. IrVfnis 
respect. the'.Moon is surprising. It has 
no magneticjfield today, bu! its rocks 
suggest that lit had a strong magnetic 
field in the past. If^^the Moon did-have 
an ancient magnetic field that some- 
how "switcheb off" about 3 billion 
years ago."4hen continued study of 
the Moorvmayl help us learn how , 
magnetic fieldfare produced mother 
pf&nets. including our own. , ^ 



(3) How did llf^ originate? 

Even the lifeless lunar^^oil contains - 
simple molecules fprmep by reafction . 
between the soil particp |hd atoms 
of carbon, oxygen^ and niflrogen that 
come from the Sgn. In a more favora- 
ble environment, these simple mole- 
cules might react further, forming the 
more complex molecules ("building 
blocks") needed for fhe development 
of life. The sterile Moon thus sug- 
gests thatMhe basic ingredients for 
life are common in the universe, and. 
further study of theylunar soil will tell 
us abou* the chemical' reactions ^hat 
occur in space before^life develops. 



WHAT MYSTERIES 
REMAIN ABOUT 
THE MOON? 

Despite the great scientific return 
from the Apollo Program, there are 
still many unanswered questions 
about the Moon: . ."^ 

(1) What is the chemical composi- 
tion of the whole Moon? 

We have saryipled only eight places 
of) th^ Moon, with six AjDollo and two 
Luna landings. The cherpical analy- 
ses made from orbit cover only about 
a quarter of the Moon's surface. We 
still know little about the far^side of 
the.Moon and nothing whatever . 
about th^ Moon's polgr regions. 

(2) Why is the Moon uneven? 

Orbiting Apollo spacecraft used a 
laser device to measure accurately 
the heights of peaks cind Valleys over 
much of the lunar Surface. From 
these careful measurements, scien- 
tists have learned that the Moon is 
riot a perfect sphere. Jt is slightly egg- 
shaped, with fhe small end of the 
egg pointing toward the Earth and 
the larger end fadng away from it. 
Ttiere are other major dffferences . 



betyveen the two sides o( the Moon. 
YHe front (Earth-lacing side), which is 
the small end of the egg. is covered 
with large dark areas wiplch were 
produced by great eruptions of ba- 
salt Igva tjetween 3 and 4 billion • 
yeiars aga Hpwever, the far side of 
■the Moon IS almost entirely com- 
posed of light-colored, rugged, and 
heavily cratered terrain jdentical to 
the highland'regions on the front 
side, and there are only a few - 
patches of dark lava-like material. 
Furthermore, the Moon's upper layer 
(the crust), is also uneven. On the - 
front side, vfhepe the maria are, the 
lunar crust is about 60 kilometers (37 
miles) thick. On the back side, it is 
over TOO kilometers (62 mifes) thick 
(i^ure 7). 

%e still do not know enough to ; 
explain these different observation^. 
Perhaps the Moon points its small 
end Joward the Earth because of tidal 



fcfrces that have kept it trapped in 
that position f6r billions of years. 
Perhaps lava^erupted only on the 
front' side because Ihe crust was 
'thinner there. These differences could 
tell us much- about the early years of 
the Moon, if we could understand 
them. 

(3) Is ihe Moon now molten inside? 

We know that there were 'great vol- 
canic eruptions on the Moon billions 
of years ago, but we do not know 
how long they continued. To under^ 
stand the Moon's history completely, 
we need to ftfid out if the ipside of* , 
the Moon is still hot and' partly mol- 
ten. More information about the heat 
flow coming out of the Moon may-* 
help provide an answer. 

(4) D^s the Moon have an iron 
cdre like the Earth? ^ 

This question is critical to solving the 
puzzle of arKient lunar magnetism. At 
the moment, we-have- so-JiftJe -data-^ - 
that we can neitf\Gr rule out the 
possible existenc^of^ small iron^ 
core nor prove TPicA one is present. If 
we can determiiVrnore accurately 
the nature of the Moon's intenojr .and 



• HTialfe more measurements of |he 
magnetisr^ on the lunar surface, we . 
may find a definite Answer to the 

„ baffling question. . * ^^ ' 

{S) How old are the youngest, lunar 
rocks? 

^pjThe youngest rocks collected from 
Ihe Moon were formed 3,1 billioa ^ 
years ag^o We cannot determine now 
the Moon heated up and then cooled 
again until we know whet+ier these ; 
eruptions were the fast or whether 
volcanic activity continued on the . 
Moon for a much longer time, 

(6^ the Moon now really /'dead"? 

Unexplained occurrences of reddish^' 
glows, clouds, and mists have been 
reported ®n the Moon s surface ior ^ 
over 3Q0 yeaj^ These "lunar tran- 
sient events, as they aTe Cajjed. are 
still not explained. It is important to 
determine what they are, because 
they may indicate regions where , 
gases- an£l o{t)e4^-matef4als-ar6-still- - ■ 
coming to the surface from inside the 
Moon. ; ' 



WHAT DO 
WEOONPW? > 

For all have learned ^abbut the 
Mpon. the exploration of oor nearest 
neighbor world has only just begun 
Much ol the returned lunar sanrple^ 
nnateria!.remains to be studied, and 
we will continue to analyze the data 
from the instruments on ttie Moon as 
long as they operate. ;^ 

Frofn what we have learned, we ' 
cafllnow confidently plan ways to use 
tKe Moon to help us understand 
Ijetterthe behavior of our own planet. 
One such project involves uSmg sev- 
eral reflectors that wer^ placed on • 
the Moon by Apollo astronauts. By 
bouncing a laser beam off these 
reflectors and back to Earth, we can 
measure variations in the-f^arth-Moon 
distance 400,obo kilometers or 
250»000 iifiles) with an accuracy of a 
few centimeters (a few inches^r one 
part in. 10 billion). Continued m^s- > 
uremeht of the Earth-Moon distance 
as the Moon moves in its orbit ' ^ 
around us will make it possible to 
"recognize tiny variations that exist m— 
.the Moon's motions. These variatidns . 
occur because the Moon is not quite 
:a uniform, sphere, and these minor 



movements contain' important dues 
about what the mside.pf the Moon is^ 
like. 

The laser reflectors, which need no* 
power, will last on the Moon for more 
thari a centuty before being covered 
with slow-moving lunar dust. Long " 
before* that, continuous measure- 
ments sh(^ld rriake it possible to 
understand the internal structure of 
the N/^on. It msty even be possible to 
use the Moon to measure the slow 
movements of the Earth s continents 
and oceans a^ they converge and 
separate. ■ ' 

To further explore the Moon itself, 
we can send machines in place of 
men. An unmanned spacec/aft could 
grcle the Moon from pde'^B pole, 
rneaSuring Its chemical cofriposition. 
"ridioactivity. gravity, and magnetism. 
This mission would carry pn the tasks 
begun tjy Ihe Apotio Progrann and 
would produce physical and chemi- 
cal rnaps of the whole Moon. Such • 
an orbiter could also serve as a 
prototype for l^ter spacecraft and 
instruments to be put into orbit ' 
arounc] Mars or Mercury to map and 
study those planets as we have 
ojapped and explored the Moon ^ 



Other spatiecraft. like the Russian \. 
Luna-16 and Luna-20Jaijflers. could 
return small'samplesTrom locatjpns 
never before visited: the far side, the 
pole's, or the sites of the puzzling 
transient events. Because of the 
Apollo Program, \ye now know how to 
analyze such small samples and how 
to interpret correctly the data*we 
oWBn. Each landing and sample 
return would have a double purp6^e^ 
to teach us more about the M(^n, 
and to^help Os design the machines 
that might return samples from the 
surfaces of Mars, Mercury, orjhe 
moons of Jupiter . 

Finally, we may see man return to 
the" Moon, not as a passing visitor but 
as a long-term i^ifilent, building 
bases from whio^to explore the 
Moon and erecting astronomical in- 
struments that use the Moon as a 
platform from which to see deeper 
into the mysterious universe that sur^ 
rounds us. ^ 
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scribes in detail the scientific repufts 
from the Apollo program and the state < 
of present knowledge abput the na- 
ture, origin, and history of the Moon. 
For scientists and advanced scjerice 
students. , ; 



Short. NichdIas M. {197# Planetary 
Geology. Englewood CUKs, N J., 
Prentice-Hall. Inc., 361 p:', price 
$17.95. A college-level textbook that. 
"Summarizes the application of ter/es-' 
■trial geology to lunar studies, the scien- 
tific results from the Apollo program, 
and t^e new knowledge obtained 
about other planets by automated 
spacecraft. ' : , _ ■ 
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Geology. New York, Johri Wiley and 

_-SQnsJnc^:34ap:..,Qrica$16J,5.^^^ 

text for the advanced geojogy §tudent; 
this book present^ in det&itobiricurrent' 
knowledge about the geology of 'the 
solar system without discussing the^ 

. history and technical detailsof space 
exptoraticin. The chapters on nnete- 
orites, impact craters, the moon, Mars, 
and the asteroids are excellent 
summ&ridsof.'the exciting-scientific 
discoveries that havfe been nnade in . 
the last few years' ' ■ 
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NOTE FOR. 
SCIENTISTS AND - 
EDUCATORS, 

The Lunar Science Institute in Hous- 
ton, Texas can provide further infor- 
mation about lunar science and ^ 
abobt data resources "thai are^availa- 
ble.for scientific and educational pur- 
, poses. In particular, the Institute, 
maintains lists of available books, 
-articles* photographs, maps, and , 
' other materials dealing with the Moon- 
, and the Apollo missions. For further 
information. Contact: ' 

Lunai' Science Institute 
P^a_Cejiter/Co(^^^^ , ■ 

'1'303 ^^^SA Road #1 ' 
Houston, TX 7705S ■ 
Phone (713) 488-5200 .^^ . 

Inquiries about participation in NASA- 
^supported pr'ograms of research on 
lunar samples and pther' aspects of 
lunar science should be addressed to: 

Deputy Director 

Lunar and* Planetary Programs Ofli,(fe 
Code Sb ^ V , - 
NASA Headquarters V 
Washington, DC 20546 . . 
Phone (202) >55-3730. . ' 



Earthrise.Pholograph by^Apollo 12 crew 
captured a crescent Earth ri$)ng above 
the lunar horizon 



For sale by the Superintendent of Documents, U.S. Gover|;)ment Printing Office 
WiihlniitoaO,C/20402: Price 70 cents* * 

"lock Na 033-000-00653-5 , ' 

[Mf«if «nilnirnum charge of $1.00 for each rnail ord^ 
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